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A b s tr a c t  : T h e  d e fe c t co n ten t o f  ge l g ro w n  S i2*  doped  c a lc iu m  ta rtra te  te tra h y d ra te  
s in g le  c ry sta ls  (C S T )  w ith  m o le c u la r  fo rm u la  C a o .g g S ro 12C 4 H 4O g .4 H 2 O , w as e s tim a ted  by  
d is lo ca tio n  e tc h in g . T h e  s tudy revea led  the ex is ian ce  o f  d is lo ca tio n  n e tw o rk  in  the  b o d y  o f  the  
cry s ta l. C S T  crysta l has o n ly  one easy  c le a va g e  p lane  (1 1 0 ) . T h e  k in e tic s  o f  e tc h in g  is studied. 
F ro m  A rrh e n iu s  p lo ts , the  a c tiv a tio n  e n e rg y  o f  e tc h in g  and the  p re -e x p o n e n tia l fac to rs  are  
co m p u ted . A n  e m p iric a l re la tio n  g o vern in g  the k ine tics  has been suggested.
K e y w o rd s  : D e fe c t chara c te riza tio n , e tch in g , c a lc iu m  tartrate  te trah yd ra te  crystal
P A C S  N o s . : 61 7 2 .F f , 8 1 .6 5 .C f
1. Introduction
A n  etching technique, in association with optical microscopy, can be used alternatively to 
X-ray methods for the detection as well as quantitative and qualitative analysis of defects in 
crystalline solids 11-5]. The segregation of foreign solute particles during crystal growth 
leads to the introduction of defects into the crystal [6,7]. In order to study the effect of 
d o p in g  of Sr2+ on defect characteristics and to compare the dislocations in pure and doped 
crystals, CST single crystals were grown in gels [8]. The characterization of CST single 
crystals by selective etching and a study of the kinetics of etching are reported here for the 
first time.
/
Experimental
CST single crystals, to he employed for etching studies, were carefully picked up from the 
silica gel to avoid any damage during mechanical handling. The crystal morphology was 
generally a rhombic octahedron (Figure 1), elongated in the c direction and made up of
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principal faces (110), (010), (Oil) and their symmetry equivalants. The crystals were 
cleaved by light pressing with a blade parallel to (110) plane which proved to be the only 
possible cleavage. A number of analaR grade chemical reagents were examined for possible 
use as dislocation etchants. HC1 and HNOj were found suitable etchants for CST crystals.
Figure 1. Morphology of Sr2+ doped calcium tartrate tetrahydrate single crystal.
Etch pit size was determined by taking an average of measurements on a number of etch 
pits at a constant magnification using a filar micrometer eye piece fitted to the optical 
microscope (Leitz-Wetzlar 307-002). In order to ascertain the scope of the etchants used 
here in delineating the linear defects existing in the body of the crystal, microscopic 
examinations were made of the etched miner cleavages and the successively etched faces. 
In order to test whether the etch pits are produced at the emergent sites of dislocations, 
successive etching was tried with each of the etchants. The etch pattern obtained on the 
complementary faces of CST crystal showed one to one correspondance of the etch pits on 
the two match halves. This indicates that the pits observed are formed at the sites of linear 
defects, terminal ends of which lie on both of the match surfaces. The successive etching 
resulted in pit widening and deepening for all etchants, thus establishing the reliability of 
etchants. Crystals were etched at different temperatures between room temperature anfl 
50°C. Etch rates for different composition of the etchants was calculated from a number of 
measurements of the pit size.
3. Results and discussion
Figures 2 and 3 depict typical etch patterns produced on the habit faces of CST single 
crystals by HC1 and HNO3 respectively after etching for 10 secs. It can be seen from these 
figures that the etch pit morphology is independent of the nature of etchant used. Some 
shallow pits on the etched planes have been observed. Micropits are also found, which 
indicate the general dissolution of the surface, because point defects are too sensitive to 
etching. Such shallow and micropits formed during etching need not necessarily be related 
to the sites of dislocation intersection with the surface. Point defect clusters* impurity 
inclusions, surface damage, foreign particles on the surface and other often nontraceable 
factors may also lead to the formation of pits on the habit faces. Some of the etch pits on the 
surface are not of the same size and depth. The time lag in the formation of pits is 
responsible for the non-uniform size of etch pits. When the etchant attacks the dislocation 
sites, the pits thus formed will follow the dislocation lines into the body of the crystal. If 
the dislocation lines are perpendicular to the face, symmetric pits will be produced [9]. 
On the other hand, for inclined dislocation lines, asymmetric pits will result. When a series
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Figure 2. Etch pattern produced by HNO3 (10 sec)
Figure 3. Etch pattern produced by HC1 (10 sec)
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of dislocations lying in the same slip plane meet a harrier such as a grain boundary, the 
dislocation pile-up takes place. The row of etch pits shown in the Figure 3 represents such 
an example of pile-up. The morphology and orientation of etch patterns are identical and 
mutually inverse. So the etch pattern symmetry on all faces is 1 m [4,10]. This accounts for 
the centra symmetric characteristics of CST crystal.
From the distribution of etch pits on the etched surfaces, it is observed that the 
dislocation density in CST single crystal is greater than the dislocation density in calcium 
tartrate tetrahydrate single crystals. The values of the estimated dislocation densities are of 
the order of 9 x 102 cnr2 in CST whereas in calcium tartrate tetrahydrate crystals, they are 
6 x 102 cm-2. The etching experiments revealed that around some foreign particles 
incorporated during growth of the crystals, are associated a large number of dislocations. 
The presence of such foreign particles may be the chief source of dislocation centres in 
doped crystals.
The successive etching experiments reveal that the depth and lateral size of pits 
increase with etching time. For quantitative analysis, the pit widths were measured at 
different intervals of time. The growth of pits was linearly related with time, revealing 
greater etch rate with greater etch concentration, suggesting the consistancy of the rate of
etching.
It was observed that the concentration and temperature of the etchant have 
considerable influence on the etch rates. Tuck [11] suggested that the factors controlling the 
etching rate can be conveniently divided into two main groups : (a) those for which the rate 
limiting process is some aspect of chemical reaction and (b) those for which diffusion of 
atoms to or from the surface controls the rate. Whether the etching process is chemically 
controlled, can be ascertained reliably by determining etch rates as a function of 
temperature.
Figure 4. Plot of In/? against temperature for HCI.
As a rule, the dissolution process controlled by reaction rate requires an activation
energy in the range 1 to 3 eV [11], while the activation energy of dissolution is limited by
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diffusion change in the interval of 0.1-0.5 eV [12]. Figures 4 and 5 show Arrehenius plots 
of etch rates at different temperatures in the interval of 30 to 50°C for different 
concentrations of the etchants used. From these plots, values of activation energy and pre- 
exponential factors were determined and are presented in Table 1. Interestingly the values
Figure 5. Plot of InR against temperature for HNOv
of activation energy are independent of acid concentration and lie within the limits of the 
reactions in which the diffusion process is predominant.
Table 1. Activation energy E (eV) and pre-exponential factors A calculated 
from Arrehnius plots.
Dislocation
etchants
Etchant
concentration
Activation 
energy (cV)
Arrehnius pre- 
exponential factor
HC1 0.2 N 0.291 8 65 x I03
0.4 N 0.289 10.30 x 103
0.6 N 0.296 11.38 x I03
0.8 N 0.293 12.33 x I03
1.0 N 0.288 12.97 x I03
HN03 0.2 N 0.369 12.56 x I04
0.4 N 0.366 13.59 xIO4
06 N 0.362 14.16 x 104
0.8 N 0.365 15.78 xIO4
1.0 N 0.360 16.79 x I04
The acid etchants HC1 and NHO3 react with CST, yielding tartaric acid and 
calcium strontium nitrate/chloride. Here, both the reaction products are water soluble. This 
reaction is of special interest because the exact reversal of this reaction was employed for 
the crystal growth of CST described elsewhere. Hence the etching process is reaction-rate 
controlled. No change in morphology and orientation of the pits is observed due to change
Defect characterization of Sr2* doped calcium tartrate etc 311
Figure 6 . Plot of Ind against InC for HNO3.
Figure 7. Plot of In A against InC for HCI.
in temperature. Figures 6 and 7 is the graph of InA against InC, from which A can be 
expressed by.the empirical relations :
A = 12.3 y 104 C016 
and A = 8.6 x 103 C° 16
for HN03 and HCI respectively. This enables us to represent the dissolution of CST crystals 
by writing the Arrhenius equation in the form
R=  12.3 x 104 C° 16 exp (-E/kT) for HN03
R = 8.6 x 103 C° 16 exp (-E/kT) for HCI
where C is the etch concentration.
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4. Conclusions
CST crystal has only one easy cleavage plane (110). The etch pattern obtained on the 
complementary faces of CST crystal showed one to one correspondence of the etch pits on 
the two match halves. The successive etching resulted in pit widening and deepening, thus 
establishing the reliability of HC1 and HNO* as suitable etchants for CST. The morphology 
and orientation of etch patterns on opposite surfaces of CST are identical and mutually 
inverse thus establishing the point group of CST as nonpolar 222. No change in 
morphology and orientation of the etch pits is observed due to change in temperature. The 
mechanism of etching of CST in etchants HC1 and HNO3 is reaction-rate controlled.
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